TWO year study was conducted at Agricultural Research Station, ……..Alexandria University, Egypt to investigate the productivity of maize and forage millet sown in different intercropping patterns, i.e, Rep 4:2 (four ridges of maize alternating with two ridges of millet), Rep 2:1 (two ridges of maize alternating with 1 ridge of millet), Add 1 (sowing of millet on the other side of the third and sixth ridges of maize) and Add 2 (sowing millet on the other side of the fifth, sixth, eleventh and twelfth ridges of maize). Forage millet was cut at three different periodical cutting systems, i.e, C1: 40-40-40, C2: 45-30-45 and C3: 45-45-30 days. The experimental design was split plot where intercropping patterns occupied the main plots and periodical cutting systems were allocated to the sub plots. Additive intercropping patterns (Add 1 and Add 2) had taller maize plants, yielded more grain yield and harvest index than replacement intercropping patterns (Rep 4:2 and Rep 2:1). Average grain yield reached 6.31, 6.13, 5.71 and 5.98 t/ha for the four intercropping patterns, respectively. Periodical cutting systems varied significantly in grain yield of maize where C1 yielded 6.35 t/ha, compared to C2 (5.95 t/ha) and C3 (5.78 t/ha) as an average of the two seasons. Association of maize and millet in additive patterns significantly reduced forage production compared to replacement patterns. Average total fresh weight of forage recorded 13.23, 11.30, 5.22 and 5.53 t/ha for Rep 4:2, Rep 2:1, Add 1 and Add 2 patterns, respectively. The total fresh forage weight reached 8.51, 7.84 and 10.11 t/ha for C1, C2 and C3, respectively. The dry matter equivalent ratio indicated a slight increase in total dry matter production, for the additive compared to replacement intercropping patterns.
. Degrees of resources uptake will depend upon the intercrops contact ratios which are related to plant population density in addition to plant size (Willy, 1979 "a and "b") . With regard to intercropping density, plants are arranged in a range from replacement to additive intercropping density (Fukai & Trenbath, 1993) . In replacement intercropping, the overall population density is the same in monoculture as in the intercrop, whereas, it is sometimes greater in the additive intercropping than monoculture cropping. Raising productivity from intercropping is possible provided that demands of component crops for growth resources are well understood, followed by the intercrop management that leads to maximum complementarity and minimum competition. If not, agriculture manipulation should be applied, especially with intercrops of the same growth habits. Cereal-cereal intercropping has obvious advantages in comparison with their sole cropping, regarding mobilization of different resources and/or using the same resources more efficiently over time and space (Wolfe, 2000 and Shaalan et al., 2015) . In a successful intercropping pattern of crops similar in maturity, there should be a delay in turnover point between complementarity and competition for growth factors (Francis & Decoteau, 1993) .That process could be by the manipulation of growth environment. Cutting of pearl millet as a component crop with maize eliminates intercrops competition at critical growth stages of maize (Midmore, 1993; Gao et al., 2009; Zhu et al., 2015 and Gou et al., 2016) . In this investigation, the author used the concept of dry matter equivalent ratio (Shaalan et al., 2015) as an index to compare additive with replacement intercropping patterns. This investigation was conducted to examine the response of grain maize and fodder millet to additive and replacement intercropping patterns under different periodical cutting systems of millet.
Materials and Methods
A two-year field study was conducted during 2013 and 2014 summer seasons at Agriculture Research Station, Alexandria University, Egypt to investigate the productivity of grain maize (three way cross, Giza 310) and fodder millet (Shandweel 1 cv.) grown in association as replacement or additive models under 3 different periodical cutting systems of millet. Replacement (Rep) patterns were Rep 4: 2 (four ridges of maize alternating with two ridges of millet) and Rep 2:1 (two ridges of maize alternating with 1 ridge of millet). Additive (Add) intercropping patterns were sowing millet on the other side of maize ridges, Add 1 (sowing of millet on the other side of the third and sixth ridges of maize) and Add 2 (sowing millet on the other side of the fifth, sixth, eleventh and twelfth ridges of maize). Periodical cutting systems of millet were as follows: 40, 40 and 40 (C1); 45, 30 and 45 (C2) in addition to 45, 45 and 30 days (C3). Split plot design with three replicates was used, where intercropping patterns and periodical cutting systems were, respectively, allocated to the main and sub plots. Each sub plot comprised 12 ridges, each 3.0 m long and 0.7 m wide (sub plot area= 25.2 m 2 ). Plants were grown in hills spaced 25 cm a part with one plant/hill for maize. However, millet was drilled, at the rate of 48.0 kg/ha, at designated sides of ridges according to each additive cropping system. Grain maize and fodder millet were grown as pure crops as recommended. Soil chemical characters were pH= 8.2, total organic matter= 1.1 %, available N= 33.6 ppm, available P= 10.5 ppm and available K= 610.0 ppm. The two intercrop components were sown on 10 and 15 May in the first and second season, respectively. All other agricultural practices were applied as recommended for each crop in the region.
Ridges sown with millet were cut at soil surface to calculate fresh fodder weight (t/ha) for each of the millet cuts according to the designated periodical cutting systems, and percentage of dry matter millet (as an average of two 0.3 m sample, taken at random from each sub plot). Dry weight of maize and forage millet were calculated from an oven-dried sample at 70 o C till a constant weight. Expression of intercropping advantage was estimated as dry matter equivalent ratio (DMER) concept proposed by Shaalan et al. (2015) as follows: DMER= Dry matter of intercrop grain maize + dry matter of fodder/dry matter of pure grain maize when DMER ≤ 1, there is no advantage to intercropping, in comparison with pure crop, however, when, it is > 1, there is intercropping yield advantage.
At harvest, maize plants of the total number of ridges of each sub plot were cut near soil surface. Characters recorded for grain maize were plant height (cm), ear height (cm) and ear leaf area (cm 2 ) as the average of 5 guarded plants, taken at random from each sub plot. A sample of 5 ears were randomly taken from each sub plot to calculate ear grain weight (g). 100-grain weight (g) was calculated as the average of three 100-grain random samples, taken from each sub plot. Grain yield was calculated from the all ridges of each sub plot, then converted to t / ha. Data were subjected to the proper analysis according to Gomez & Gomez (1984) using SAS (Statistical Analyses Systems, 2007) . Means were compared, using the least significant difference (LSD) value at 5% level of probability.
Results

Maize characters as affected by intercropping patterns and periodical cutting systems
Data in Table 1 present maize characters as affected by different intercropping systems with millet, different periodical cutting systems of millet and the interaction of both factors in the two seasons. Response of maize plant height, grain yield and harvest index to intercropping patterns were significant. Additive intercropping gave higher values regarding plant height, grain yield and harvest index compared to replacement patterns. Plant heights were, respectively, 286.13, 279.47, 309.77 and 313.10 cm, as an average of the two seasons, for Rep 4:2, Rep 2:1, Add 1 and Add 2. Grain yield of maize intercropped with millet in replacement treatments were significantly lower than being grown with millet in additive intercropping. Minimum and maximum values (5.71 and 6.31 t/ha) were obtained from Rep 4:2 and Add 1 over the two seasons. It should be noted that the harvest index showed the same trend of change as plant height where the average of its values were recorded as 32.48, 32.80, 35.12 and 33.83 % for Rep 4:2, Rep 2:1, Add 1 and Add 2, respectively. * Means in the same column followed by the same letter (s) were not significantly at 0.05 level of probability.
Response of maize traits to periodical cutting systems of millet were significant for plant height, ear leaf area, ear-grain weight and grain yield, in the two seasons. When maize was intercropped with millet cut at 40, 40 and 40 days period (C1), it gave the lowest plant height values (288.57 and 282.90 cm) compared to higher values (306.82 and 300.80 cm), respectively, in the two seasons, recorded for cutting millet at 45, 45 and 30 days (C3) in both seasons. Reduction in plant height for C1, compared, to C2 and C3 were 16.21 and 18.25 cm in the first season, and 15.9 and 17.9 cm in the second season, respectively. Variations in maize ear leaf area, were significant in both seasons, to be ranked first, second and third with periodical cutting systems of C1, C2 and C3, respectively. There were significant differences in ear grain weight between C1 and C3 periodical cutting systems. As an average of the two seasons, responses of ear weight to C1, C2 and C3 were, respectively, 258.81, 241.78 and 220.30 g. C2 and C3 periodical cutting systems were statistically equal and significantly lower in grain yield than C1 system. Grain yield for C1 was higher than C2 and C3 by 0.42 and 0.58 t/ha in the first season and by 0.37 and 0.55 in the second season. Data showed that higher grain yield gave higher values for harvest index, though differences were insignificant between periodical cutting systems in both seasons. That may indicate an increase in grain yield relative to straw yield for additive intercropping compared to replacement intercropping. These results were confirmed by Shaalan et al. (2015) .
The interaction between intercropping patterns and periodical cutting systems
Differences in plant height for the interaction effect of the two factors (intercropping patterns x periodical cutting systems) in both seasons, revealed that the higher plant height (320.19 cm) was obtained from Add 2 at C2, whereas, the lowest mean (259.44 cm), as average of two seasons, for that trait resulted from Rep 2:1 x C1 combination (Table 2) . Replacement patterns showed significant differences in plant height where means at C2 and C3 periodical cutting systems were of significantly higher values than C1. However, Add patterns gave statistically similar maize plant height at all periodical cutting systems, in both seasons. Response of ear grain weight to intercropping patterns x periodical cutting systems interaction were also significant in both seasons. Highest value (282.81 g) was obtained at Rep 2:1 and C1, whereas the lowest ear grain weight (205.64 g) was recorded for Add 1 and C3, or Rep 4:2 and C3 (209.18 g), as average of two seasons. Rep 4:2 and Add 1 revealed significant decrease in ear grain weight values between C2 and C3 in the first season, whereas, Rep 2:1 and Add 2 showed insignificant variation, in that trait, between all periodical cutting systems. In the second season, the Rep patterns showed significant decrease in ear grain weight between C2 and C3 cutting systems, whereas the two Add patterns varied insignificantly across the three periodical cutting systems. Concerning grain yield, in both seasons, the highest and lowest yields (6.75and 5.48 t/ha), as an average of the two seasons, were obtained from Add 1 x C1 and Rep 4:2 x C3, respectively. Moreover, Rep patterns showed insignificant decrease in grain yield from C1 to C2 and C2 to C3 except Rep 2:1 from C1 to C2, while Add patterns showed significant decrease in that character from C1 to C2 only.
Millet characters as affected by intercropping patterns and periodical cutting systems
Data in Table 3 present the fresh weight and percentage of dry weight of fodder millet during the two seasons. Differences between the intercropping patterns regarding total fresh weight were significant in both seasons. Replacement intercropping produced significantly higher total fresh fodder yield, compared to the additive patterns (which were statistically similar), over the three millet periodical cutting systems. However, differences in total fresh weight were significant between Rep 4:2 and Rep 2:1. Average total fresh weights of fodder yield, over the two seasons, were 13.23, 11.30, 5.22 and 5.53 t/ha for Rep 4:2, Rep 2:1, Add 1 and Add 2 patterns, respectively. Fodder millet total fresh weight varied significantly with the three different cutting periods, where values for C1, C2 and C3 respectively, amounted to 8.51, 7.85 and 10.11 t/ha, as an average of the two seasons. * Means in the same column followed by the same letter (s) were not significantly at 0.05 level of probability.
Biological evaluation of grain maize/fodder millet intercropping:
Data in Table 4 indicated that not all intercrop combinations gave more yield advantage than grain yield of sole cropped maize. Additive was more advantageous than replacement intercropping since the latter showed no yield advantage (DMER < 1), compared to the former intercropping patterns which gave estimates slightly greater than 1. Regarding the effect of periodical cutting systems on intercropping advantage, the three cutting systems had values greater than one. These values were 1.09, 1.04 and 1.04, and 1.11, 1.07 and 1.05 in the first and second season for C1, C2 and C3, respectively. 
Discussion
Modification in the environment of plant growth to be suitable habitation for plants has been important to improve plant growth performance. Data indicated that the tallest maize plants were obtained from the additive intercropping, however, the minimum values of that trait were produced by replacement patterns. Competition between plants for light was greatly affected by millet first duration of association. Increasing that period increased competition for light causing maize plants to be tallest Nawar, 2004 and Hauggaard-Nielsen et al., 2009) . Maize grown with equi-intervals of 40 days for cutting millet (C1) enabled maize to grow throughout its growing season with low competition from millet. That will lead to more uptake of growth factors, higher photoassimilates production and translocation into ears more than the other (C2 and C3) periodical cutting systems (Gardner et al., 1985) . That may be due to the occurrence of competition at different stages of growth of maize. As mentioned before, competition in C1 system was low at critical stages of maize growth [(emergence and establishment (stage 1), rapid vegetative growth (stage 2) and grain development (stage 3)]. However, in C2 system, maize suffered from higher degree of competition in stages 1 and 3, whereas in C3 system, maize was subjected to a high degree of competition in stages 1 and 2. The variation in degree of competition will affect maize plants ability to use available resources for growth and grain formation, leading to a decrease in available photoassimilate translocated to the grains (Ranson, 2013) , especially at critical periods which determine kernel number in the ear (around seven weeks after emergence) (Andrade et al., 1999 and Kasem et al., 2003) and influence grain filling (around 11 to 12 weeks after emergence) (Ranson, 2013) . The lower competition in C1 system resulted in higher values for both 100-grain weight and ear weight compared to C2 and C3 systems, which finally led to higher grain yield and harvest index. Increases in DMER showed the more efficient use of land in additive intercropping, compared with replacement intercropping or maize grown alone. These results reflected the ability of maize/millet intercropping in additive patterns to better utilize growth resources than growing the two intercrops in replacement patterns (Blair et al., 2006; Egli, 2008 and Brintha & Seran, 2009 ). However, DMER values of more than one might be due to increases in plant population densities with better use in growth resources in additive than in replacement intercropping (Midya et al., 2005) . Data showed that millet fresh fodder and dry matter yields were closely related to its sown area and orientation with maize plants. Reduction in fodder yield in additive intercropping (compared to intercropping in replacement model) might be due to the shading effect of maize plants on millet. However, it could be concluded that yields of fodder millet, within the intercropping combination, were proportionally parallel with millet population density within these intercropping patterns (Willy 1979 "a and "b") .
Intercropping of maize and fodder millet in replacement combination produced lower dry matter, compared to that obtained from maize-millet additive intercropping. That could be explained due to the increase in the total population density per intercropping unit and better use of environmental resources in additive than when the two crops were grown in replacement series (Fukai & Trenbath, 1993) . DMER varied with periodical cutting systems and had values greater than one, indicating that this procedure exhibits intercropping advantages than when maize plants were grown in pure stands (Willy 1979 "a and "b") . Since DMER values were higher for Add 1 and Add 2 compared to Rep 1 and Rep 2, it could be concluded the suitability of growing maize with fodder millet in additive series without reduction in maize grain yield. That method will provide an additional forage yield during summer season, where green fodder is scarce, in Egypt. The amount of that forage crop will depend on the percentage of millet added to grain maize.
